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, IFhredkin Toffori[2] , $Feynm\bm{t}[!]$
. , Fredkin-Toffoli ( FT ) ,
G. $J$ . Milbum [3] , , Ohya,
Watanabe Redkin-Toffoli-Milburn ( FTM )





[2]. FT 3 3 , Control, $Input_{1},$ $\bm{i}put_{2}$ ,
Control, $Output_{1},$ $Outut_{2}$ , Control $0$
$1nput_{1},$ $\bm{i}put_{2}$ $Output_{1},$ $Output_{2}$ , Control 1
, $\bm{i}put_{1}$ $Output_{2}$ $Input_{2}$ $Output_{1}$ . Control
. FT FT
.
FT AND, OR, NOT(COPY)
,
, FT .
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2.2 FTM
FT Milburn FTM








, , $\mathcal{H}_{1},$ $\mathcal{H}_{2}$
. $\mathbb{B}(\mathcal{H}_{k})$ $\mathcal{H}_{k}(k=1,2)$ , $\mathcal{H}_{k}$
$\mathfrak{S}(\mathcal{H}_{k})=\{\rho\in \mathfrak{B}(\mathcal{H}_{k})|\rho\geq 0,tr\rho=1\}$ (1)
, $\mathfrak{S}(\mathcal{H}_{k})$ .






, $\Lambda^{*}$ . A: $\mathbb{B}(\mathcal{H}_{2})arrow \mathbb{B}(\mathcal{H}_{1})$
$\forall\rho\in \mathfrak{S}(\mathcal{H}_{1}),$ $\forall A\in \mathbb{B}(\mathcal{H}_{2})$ ,
$tr\Lambda^{*}(\rho)A=tr\rho\Lambda(A)$ (4)
, A $\Lambda^{*}$ (dual map) . A
$\sum_{j,k=1}^{n}B_{j}^{*}A(A_{j}^{*}A_{k})B_{k}\geq 0$
$(\forall n\in N,\forall A_{j}\in \mathfrak{B}(\mathcal{H}_{2}),\forall B_{k}\in \mathfrak{B}(\mathcal{H}_{1}))$ (5)
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, $\Lambda$ (complete positive maP) , A






$a,$ $a^{*}$ , . $\hslash v=1$ ,
$H=(a^{*}a+ \frac{I}{2})$ (6)
. $H$ $E_{n}$ $x_{n}$
$Hx_{n}=E_{n}x_{n}$ (7)
$E_{n}=n+ \frac{1}{2}$ $(n=1,2,3, \cdots)$ (8)
. $E_{n}$ $x_{n}$ CONS , $|n\rangle$ $=x_{n}$














3.2.3 Schr\"odinger cat states























$[4][10][11]$ , . $\mathcal{H}_{1}$ ,








[11] , , $|0\rangle$ \langle $0|$ ,




$|\alpha|^{2}=\eta$ , $\eta$ .







$\mathcal{L}_{1},$ $\mathcal{L}_{2}$ , , $\mathcal{H}_{1},$ $\mathcal{H}_{2}$
, , $\mathfrak{S}(\mathcal{L}_{1}\otimes \mathcal{H}_{1})$ $\mathfrak{S}(\mathcal{L}_{2}\otimes \mathcal{H}_{2})$
. Kerr
$[3][8][12]$ .
$H_{int}=\hslash\chi(c_{1}^{*}c_{1}\otimes a_{1}a_{1}^{*})=\hslash\chi(N_{c_{1}}\otimes N_{a_{1}})$ (30)
$c_{1},$ $c_{1}^{*}$
$\mathcal{L}_{1}$ , , $a_{1}$ , $\mathcal{H}_{1}$




. $\sqrt{F}=\chi T$ , $T$
. $\sqrt{F}$ Kerr . $U$
Kerr
$\Pi_{K}^{*}(\cdot)\equiv U(\cdot)U^{*}$ (32)











,$\Pi_{K}^{*}(|s_{1}\rangle\langle s_{1}|\otimes|\theta’\rangle\langle\theta’|)=|s_{1}\rangle\langle s_{1}|\otimes|-\theta’\rangle\langle-\theta’|$ (36)
.
3.5 FTM
[10][13] , 33 3.4 Kerr
, FTM . FTM 3
, $\mathcal{L}_{1}$ , 1 $\mathcal{H}_{1}$ , 2 $\mathcal{K}_{1}$ , FTM $\mathfrak{S}(\mathcal{L}_{1}\otimes \mathcal{H}_{1}\otimes \mathcal{K}_{1})$
$\mathfrak{S}(\mathcal{L}_{4}\otimes \mathcal{H}_{4}\otimes \mathcal{K}_{4})$
$\Lambda_{FTM}^{r}(\cdot)=\Lambda_{B32}^{*}0\Lambda_{\dot{K}}0\Lambda_{BS1}^{*}(\cdot)$ (37)
. $\Lambda_{B}^{*}si$ : $\mathfrak{S}(\mathcal{L}_{2i-1}\otimes \mathcal{H}_{2i-1}\otimes \mathcal{K}_{2i-1})arrow \mathfrak{S}(\mathcal{L}_{2i}\otimes \mathcal{H}_{2i}\otimes \mathcal{K}_{2i})$ ,
$id(\mathcal{L}_{i,j})$ $\mathcal{L}_{i}$ $\mathcal{L}_{j}$
$\Lambda_{BS2}^{l}(\cdot)=id(\mathcal{L}_{2i-1,2i})\otimes\Pi_{BS}(\cdot)$ (38)




33 34 Kerr , 3.5
FTM , NAND . $\mathcal{L}_{i},$ $\mathcal{H}:,$ $\mathcal{K}_{i},$ $\mathcal{H}_{1}’\cdot,$ $\mathcal{K}’.(i=$
$1,2,3,4,5,6,7)$ . NAND AND FTM
NOT \langle FTM . NAND
4 2 Kerr
.
$\Lambda_{NAND}^{*}$ : $\mathfrak{S}(\mathcal{L}_{1}\otimes \mathcal{H}_{1}\otimes \mathcal{K}_{1}\otimes \mathcal{H}_{1}’\otimes \mathcal{K}_{1}’)arrow \mathfrak{S}(\mathcal{L}_{7}\otimes \mathcal{H}_{7}\otimes \mathcal{K}_{7}\otimes \mathcal{H}_{7}’\otimes \mathcal{K}_{7}’)$
$\Lambda_{NAND}^{*}(\cdot)=\Lambda_{BS4}^{*}0\Lambda_{K2}^{*}0\Lambda_{BS3}^{*}0\Lambda_{BS2}^{*}0\Lambda_{K1}0\Lambda_{BS1}^{*}(\cdot)$ (40)
$\mathcal{H}_{i},$ $\mathcal{H}_{J}$ $id(\mathcal{H}_{i,j})$ $\mathcal{H}_{i}$ $\mathcal{H}_{J}$ . $\Lambda_{BS1}^{l}$
$\Lambda_{BS2}^{*}$
$\Lambda_{BSi}^{*}(\cdot)=id(\mathcal{L}_{2i-1,2i})\otimes\Pi_{BS}^{l}\otimes id(\mathcal{H}_{2i-1,2i}’)\otimes id(\mathcal{K}_{2i-1,2i}’)$ $(i=1,2)$ (41)
$\Lambda_{BS3}^{*}$ $\Lambda_{BS4}^{*}$
$\Lambda_{BSi}^{*}(\cdot)=id(\mathcal{L}_{2i-2,2i-1})\otimes id(\mathcal{H}_{2i-2,2i-1})\otimes id(\mathcal{K}_{2i-2,2i-1})\otimes\Pi_{BS}^{r}(\cdot)$ $(i=3,4)(42)$
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$\Lambda_{K1}^{*}$ $\Lambda_{K2}^{*}$
$\Lambda_{K1}^{*}=\Pi_{K(\mathcal{L}_{2}\emptyset \mathcal{K}_{2})}^{*}\otimes id(\mathcal{H}_{2,3})\otimes id(\mathcal{K}_{2,3}’)\otimes id(\mathcal{H}_{2,3}’)$ (43)
$\Lambda_{K2}^{*}=id(\mathcal{L}_{5,6})\otimes id(\mathcal{H}_{5,6})\otimes\Pi_{K(\mathcal{K}_{5}\otimes \mathcal{K}_{5}’)}^{*}\otimes id(\mathcal{H}_{5,6}’)$ (44)
$\Pi_{K(\mathcal{L}\otimes \mathcal{H})}^{*}$
$\mathcal{L}$ , $\mathcal{H}$ Kerr
.
NAND $\mathcal{L}_{1}$ $\mathcal{H}_{1}$ , $\mathcal{K}_{1},$ $\mathcal{H}_{1}’,$ $\mathcal{K}_{1}’$ $0,0,1$
. NAND $\mathcal{K}_{7}’$ .
Schrodinger cat state $\Phi_{0}$ $0$ , $\Phi_{1}$ 1 NAND
. $\sqrt{F}=\pi$ , $\eta=\frac{1}{2}$ .








, $\rho 00=\Phi_{1}$ , $(0,0)$ 1






















. 1 $(1,1)$ , 2 Kerr $F$ $\pi$
$(p=1-E_{11})$ . $\sqrt{F}$
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